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Description 
MODULAR GAS TURBINE 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/01235 
filed 20 June 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0102325-8 filed 28 June 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field 

[0002] The present invention relates to method and arrangement 
for providing a gas turbine that includes a duct for carry- 
ing gas from a gas turbine inlet to a gas turbine outlet 
and an outer housing arranged radially outside a wall 
structure which defines the radially outer limits of the gas 
duct. The gas turbine, between the inlet and outlet, is 



constructed from a plurality of modules, each of which in- 
cludes a part of the outer housing and a part of the wall 
structure of the gas duct. At least two adjacent parts of 
the wall structure of the gas duct are arranged at a dis- 
tance from one another. At least one pressure dividing el- 
ement provided that is configured to divide off a pressure 
area in the gas duct at the junction between the two adja- 
cent parts of the wall structure from another pressure 
area situated between the wall structure of the gas duct 

and the outer housing. 
Background 

[0003] Gas turbines of the aforementioned type are used, for ex- 
ample, as engines for vehicles and aircraft, as prime 
movers in ships, and in power stations for the generation 
of electricity. 

[0004] Manufacturing the gas turbine in modules, which are then 
assembled into a complete gas turbine, is already known 
in the case of gas turbines having a compressor driven by 
a turbine and a combustion chamber arranged between 
them, together with a power turbine arranged down- 
stream of the turbine. In this case, each of the modules 
carries various main components of the gas turbine, such 
as compressor, combustion chamber, turbine and power 



turbine. A gas duct which carries gas from one main com- 
ponent to another furthermore extends through the mod- 
ules. 

[0005] Manufacturing the gas turbine in modules facilitates both 
assembly and servicing of the gas turbine. 

[0006] One problem in connection with assembly of the modules 
is obtaining satisfactory tightness at the transition of the 
gas duct between two adjacent modules. At the gas duct 
transition from a first module to a second module, sealing 
elements of the metal sealing ring type are generally used. 
The sealing rings are in this case arranged in radial 
grooves in the gas duct wall structure of the first module 
and protrude somewhat outside the outer circumferential 
surface of the wall structure. In the end section facing the 
gas duct of the first module, the gas duct wall structure of 
the second module is designed with an inside diameter 
somewhat larger than the diameter of the outer circum- 
ferential surface of the first gas duct. This makes it possi- 
ble to introduce the gas duct of the first module into the 
gas duct of the second module, the sealing rings finishing 
up in a clamped position between the outer and inner sur- 
faces respectively of the two ducts. 

[0007] One problem with the aforementioned type of sealing ele- 



ment, however, is that they are never completely tight and 
that they are greatly affected by circularity defects in the 
seal positioning, a condition which often occurs in gas 
turbine engines due to the high temperatures and tem- 
perature differentials which occur in these engines. An- 
other problem in connection with this type of seals is that 
they only assume their final sealing position when the 
modules are fully assembled, which means that it is not 
possible to visually verify that the seals have assumed a 

correct position. 
Summary of Invention 

[0008] An object of the present invention is to provide a sealing 
arrangement in a gas duct extending through a modular 
gas turbine, and by means of which satisfactory tightness 
is achieved at high temperatures and temperature differ- 
entials, and which makes it possible to visually verify that 
the sealing arrangement is correctly fitted in that it has 
assumed its sealing position before final assembly of the 
gas turbine. 

[0009] According to a preferred embodiment of the invention, the 
pressure wall is connected to the wall structure of the gas 
duct and the outer housing of one and the same module 
by means of a bolted connection. This ensures that the 



module is pressure-tight before it is assembled with the 
next module. This furthermore permits relatively easy dis- 
mantling of the pressure wall, for example when servicing 
components such as bearings arranged in the module. 

[0010] According to a further preferred embodiment, the pres- 
sure wall, on an outer circumference thereof, is designed 
with a radial flange through which the bolted connection 
extends. The fact that the flange is intended to be 
clamped between the outer housing of two adjacent mod- 
ules when assembling the gas turbine means that the 
flange functions as a seal packing between the modules. 

[0011] According to a further preferred embodiment, the pres- 
sure wall is designed with at least one bellows-shaped 
section. This improves the ability of the pressure wall to 
absorb movements caused, for example, by thermal ex- 
pansion and transient gas pressure variations. 

[0012] According to a further preferred embodiment, the pres- 
sure wall is made of metal. This gives the pressure wall 
equivalent thermal expansion characteristics to the gas 
turbine allowing it to follow movements of the gas turbine 

due to temperature variations. 
Brief Description of Drawings 

[0013] The invention will be described below with reference to 



preferred exemplary embodiments and the accompanying 
drawings, in wliicli: 
[0014] Figure 1 (FIG 1) is a diagrammatic side view showing a 
cross section of a modular gas turbine provided with 
pressure walls configured according to the present inven- 
tion; 

[0015] Figure 2 (FIG 2) is a diagrammatic perspective view of a 
pressure wall configured according to the present inven- 
tion; and 

[0016] Figure 3 (FIG 3) is a diagrammatic side view showing a 

cross section of a pressure wall for a modular gas turbine 

configured according to the present invention. 
Detailed Description 

[0017] Figure 1 shows a diagram of a modular two-shaft gas tur- 
bine 1 comprising (including, but not limited to) main 
components that include a compressor 2, a combustion 
chamber 3, a turbine 4 and a power turbine 5. The gas 
turbine 1 comprises three modules: a gas generator mod- 
ule 6, a center module 7 and a drive module 8, each of 
which will be described in more detail below. A gas duct 
11 for carrying gas from one main component 2, 3, 4, 5 to 
another extends through modules 6, 7, 8 of the gas tur- 
bine 1 from a gas turbine inlet 9 to a gas turbine outlet 



10. The gas duct 11 is defined by a wall structure 12, 13, 
14 which divides the gas duct 11 off from the spaces 15, 
16, 17, 18 that are formed inside the outer housings 19, 
20, 21 of the gas turbine modules. 
[0018] The gas generator module 6 comprises a compressor 2 
driven by a turbine 4. The compressor 2 comprises a 
compressor rotor 22 that is rotationally fixed by way of a 
shaft 23 to a turbine rotor 25 arranged in a turbine hous- 
ing 24. The compressor 2 is connected upstream to the 
gas turbine inlet 9. The air compressed by the compressor 
2 is fed to the inlet of the combustion chamber 3 in a line 
52 via a recuperator 26, the function of which will be de- 
scribed later, in which it has the pressure PI. In Figure 1, 
the line 52 is terminated, but in actual fact it is connected 
to the recuperator 26 via the opening 53. In the combus- 
tion chamber 3, fuel is introduced by means of a fuel sys- 
tem and combustion occurs with the aid of the com- 
pressed air. 

[0019] The hot combustion gases, which now have the pressure 
P2, are then led to the turbine 4 in which a first limited 
expansion of the combustion gases from the pressure P2 
to the lower pressure P3 occurs in order to drive the com- 
pressor 2. A first pressure wall 27, which seals off the 



pressure PI from the pressure P3, is arranged between 
the turbine housing, which in its extension towards the 
center module constitutes a part of the wall structure 12 
of the gas duct, and the outer housing 19 of the gas tur- 
bine module 6. The pressure wall 27 is here formed with 
an outer flange 28 and an inner flange 29, which are fixed 
to the outer housing 19 and wall structure 12, respec- 
tively, by means of bolted connections 30, 31. The gas 
generator module 6, with the higher pressure PI, is 
thereby entirely sealed off from the inlet pressure P3 of 
the center module 7 without performing any "blind as- 
sembly." The pressure wall 27 furthermore means that no 
sealing element is required at the transition of the gas 
duct 11 from the gas generator module 6 to the center 
module 7. 

[0020] From the gas generator module 6, the working gas flows, 
at the pressure P3, to the center module 7. The center 
module 7 comprises a continuation 13 of the wall struc- 
ture 12 of the gas duct 11 from the turbine housing 24. A 
plurality of stator blades 32, which by means of an ad- 
justing mechanism in the space 17 can be set to various 
positions for guiding the working gas, are arranged in the 
gas duct 11. For cooling the adjusting mechanism, the 



center module 7 is supplied with cooling air, at the pres- 
sure P4, from a compressor. At this point, the pressure P4 
is only somewhat higher than P3 and is sealed off by a 
second pressure wall 33 formed with an outer flange 34 
and an inner flange 35, which are fixed by means of 
bolted connections 36, 37 to the outer housing 20 of the 
center module 7 and the continuation of the wall structure 
of the gas duct 13. The center module 7 is therefore also 
a pressure-tight module and no "blind assembly" is in- 
volved when connecting it either to the gas generator 
module 6 or to the downstream drive module 8. The pres- 
sure wall 33 furthermore means that no sealing element is 
required at the transition of the gas duct 13 from the cen- 
ter module 7 to the drive module 8. 
[0021] From the center module 7, the working gas, now at the 

pressure P5 after having passed through the stator blades 
32, flows on to the drive module 8 which comprises the 
power turbine 5, in which the final expansion of the com- 
bustion gases occurs down almost to atmospheric pres- 
sure P6. The power turbine 5 here comprises two power 
turbine rotors 39, 40 arranged in a power turbine housing 
38, which are rotationally fixed to an output shaft 41, 
which is the same as the output shaft of the gas turbine. 



The extension of the power turbine housing 38, both up- 
stream and downstream, constitutes a part of the wall 
structure of the gas duct 11. In the same way as the first 
pressure wall 27 and second 33 pressure wall 33 de- 
scribed above, a third pressure wall 42, which seals off 
the pressure P5 from the pressure P6, is arranged be- 
tween the power turbine housing 38 and the outer hous- 
ing 21 of the drive module 8. Here, the third pressure wall 
42 is formed with an outer flange 43 and an inner flange 
44 that are fixed by means of bolted connections 45, 46 
to the outer housing 21 and the power turbine housing 
38, respectively. Here too, therefore, "blind assembly" of 
the gas turbine 1 is avoided. 
[0022] jhe fact that the gas duct 11 downstream of the power 

turbine 5 is connected to a recuperator 26 makes it possi- 
ble to recover a part of the residual heat present in the 
combustion gases after they have passed through the tur- 
bine 4 and power turbine 5. This residual heat is used to 
heat the air compressed by the compressor 2 before it 
reaches the combustion chamber 3, which contributes to 
increased efficiency of the gas turbine 1. After the com- 
bustion gases have passed through the recuperator 26, 
they are finally led out through the gas turbine outlet 10. 



[0023] jhe output shaft 41 of the gas turbine 1 is in turn rota- 

tionally fixed to an intermediate shaft 47, to which the as- 
sembly that the gas turbine is intended to drive, such as a 
drive shaft of a vehicle, can be coupled. 

[0024] Figure 2 shows a perspective view of a pressure wall con- 
figured according to the teachings of the present inven- 
tion. For the sake of simplicity, only the aforementioned 
first pressure wall 27 will be described because the sec- 
ond pressure wall 33 and the third pressure wall 42 differ 
only in their geometric design. As previously described, 
the pressure wall 27 is formed with an outer flange 28 
and an inner flange 29. The flanges are provided with a 
plurality of through-holes 48, 49, through which the 
bolted connections 30, 31 extend in order to provide a 
pressure-tight connection between the outer housing 19 
and the pressure wall 27 and between the wall structure 
12 of the gas duct and the pressure wall 27. 

[0025] Jhe fact that pressure wall 27 is designed with a first bel- 
lows-shaped section 50 and a second bellows-shaped 
section 51 as shown in Figure 3 permits movements of the 
pressure wall 27 resulting, for example, from thermal ex- 
pansions and transient pressure variations of the gas 
flowing through the gas turbine 1. 



[0026] The invention must not be regarded as being limited to 
the embodiment described above, a number of modifica- 
tions thereof being possible without departing from the 
scope of the patent protection. For example, instead of 
the type described above, the gas turbine may be of a sin- 
gle-shaft type; that is to say, a gas turbine in which the 
shaft connecting compressor and turbine in its extension 
forms the output drive shaft of the gas turbine. Further- 
more, there may be a greater number of compressor 
stages, turbine stages and power turbine stages than de- 
scribed above. 



